Stable carbon and oxygen isotope data are widely used in sedimentology as an indicator for depositional conditions and facies (palaeoenvironment, palaeosalinity, palaeotemperature and so on) because they primarily reflect the composition of the water from which the carbonate precipitated (Hudson 1977; Anderson & Arthur 1983; Talbot 1990; Reinhardt et al. 2003) . The primary goals of our study were twofold: (i) to test the applicability of stable isotopes to distinguish between freshwater-brackish and marine deposits, and (ii) to evaluate how and to what extent this tool can be used in a complex basinal setting affected by diagenesis and the presence of detrital carbonate.
The data used for this study stem from an applied petroleum geology project aimed at comparing the isotope (C, O, Sr) characteristics of different Upper Cretaceous to Palaeocene basins in eastern Austria and western Slovakia, including industrial well data from below the Neogene Vienna Basin. In addition to isotope data, other geochemical as well as micropalaeontological data (Hofer et al. 2011) are available from these samples. These data are used to unravel palaeogeographical relationships and stratal correlations in this area where the differentiation of marine and non-marine intervals is challenging. An area of special interest is the Upper Cretaceous Glinzendorf Syncline, where classical facies analysis using thin sections and micropalaeontological methods yielded ambiguous results, partly because the fossil content is extremely low (Wessely 2006) . These sediments have previously been considered as mainly limnic due to the lack of fossils, and correlated to outcrops of the Campanian Grünbach Formation of the Grünbach Syncline (Wessely 1992 (Wessely , 2006 . Recent petrographical and geochemical analyses (Hofer 2009; Hofer et al. 2011, in press) , however, indicate a strong marine influence in the Glinzendorf Syncline. Correlations of these Upper Cretaceous to Palaeogene strata are of great significance for hydrocarbon exploration in the Vienna Basin, because these successions act as seals for gas (e.g. Zimmer & Wessely 1996) .
Carbon and oxygen isotope compositions of carbonate depend in principle on the isotopic composition of the water (related to salinity; Veizer 2003) from which the carbonate precipitates (Anderson & Arthur 1983) , as well as on temperature, pH (Hudson 1977; Veizer 2003) and carbonate speciation. Freshwater is characterized by distinctly lower d 13 C and d
18
O values than sea water (Hoefs 2009 ). However, carbon and oxygen isotope variations in sea water can be significant, especially in coastal regions near river mouths (Schmidt 1999; Schmidt et al. 1999; Bigg & Rohling 2000) . Diagenesis can influence the isotopic composition in different ways, for example by the precipitation of new carbonate phases (Hudson 1977) . Carbon isotopes are widely used in combination with oxygen isotopes to interpret the origin and facies (palaeoenvironment, palaeosalinity, water temperature and so on) of carbonate sediments (Clayton & Degens 1959; Hudson 1977; Veizer 1983; Talbot 1990; Reinhardt et al. 2003) . In general, marine carbonates have d
13
C values between 23‰ and 5‰, while limnic carbonates show values between 22‰ and 29‰ (Hudson 1977) . Veizer (1983) O + 50)) in order to discriminate between marine and non-marine carbonates using d
C and d

18
O values, which has also been successfully applied in more recent studies (e.g. Cuna et al. 2001; Narayanan et al. 2007) .
Strontium isotopes are incorporated into carbonate minerals without significant fractionation because of the small mass difference. The oceanic 87 Sr/ 86 Sr ratio is controlled by the riverine input of strontium (tectonic background and erosion rate of the continental crust) and the exchange of sea water with the young and hot oceanic crust at midocean ridges. The isotopic composition of the sea water has also been influenced by 87 Sr production from 87 Rb decay over geological times (Veizer 2003) . Detailed studies concerning the strontium isotope composition of the ocean are given by Veizer et al. (1999) and Jones & Jenkyns (2001) and used for strontium isotope stratigraphy by, for example, McArthur et al. (2001) . 87 Sr/ 86 Sr isotope ratios are widely used in the literature as an indicator of palaeosalinity, mainly in combination with other isotope systems like carbon, oxygen and sulphur (Schmitz et al. 1997; Ingram et al. 1998; Reinhardt et al. 1998 Reinhardt et al. , 2003 Holmden & Hudson 2003; Peros et al. 2007) .
Geological setting
In the entire Northern Calcareous Alps (NCA), which form part of the Eastern Alps, sediments of the Upper Cretaceous to Palaeogene Gosau Group were deposited after the Early Cretaceous Eoalpine orogeny, unconformably overlying folded and faulted Permian to Lower Cretaceous rocks. Generally, the Gosau Group can be divided into the Lower Gosau Subgroup, which comprises fluvial, lacustrine to shallow-marine sediments of Turonian to Santonian-Campanian (in some areas even Maastrichtian) age, and the Upper Gosau Subgroup, which is characterized by deep-water successions up to Eocene in age (Wagreich & Faupl 1994; Faupl & Wagreich 1996; Hofer et al. 2011) . Different Gosau Group strata are exposed in the eastern part of the NCA and along the southwestern margin of the Vienna Basin (Austria) within all three major thrust systems (from north to south, the Bajuvaric, Tirolic and Juvavic nappes -e.g. Mandl 2000) . These strata continue as NE-SW-striking synclines underneath the Neogene fill of the Vienna Basin ( Fig. 1 ) and can be traced across several oil company wells, and are exposed again at the northeastern margin of the basin, in the western part of the Western Carpathians (Slovakia). These synclines comprise, from north to south, the Gießhübl Syncline, the Prottes Gosau Group, the synclines of Brezová and Studienka (Upper Cretaceous to Palaeogene Brezová and Myjava Group), the Grün-bach Syncline and the Glinzendorf Syncline (Plö-chinger 1961; Wessely 1974 Wessely , 1984 Wessely , 1992 Wessely , 1993 Wessely , 2000 Wessely , 2006 Wagreich & Marschalko 1995; Zimmer & Wessely 1996; Fig. 1) .
The Coniacian to Palaeocene Gosau Group fill of the Gießhübl Syncline, tectonically related to the Bajuvaric thrust system (Faupl & Wagreich 1996) , starts with shallow-marine clastics (sandstones and breccias) followed by the Upper Santonian to Lower Maastrichtian Nierental Formation (Wessely 2006) , which is composed of pelagic to hemipelagic slope strata (see palaeogeographic reconstruction in Fig. 2 ) mainly comprising calcareous marls (Krenmayr 1999; Wagreich & Krenmayr 2005; Wagreich et al. 2011) . The overlying deepmarine Gießhübl Formation, with its flysch turbidites deposited below the calcite compensation depth (CCD), ranges up to the Thanetian (Wessely 1992; Wagreich 2001) .
The Prottes Gosau Group is located on top of northern Tirolic units underneath the Neogene of the Vienna Basin. It is mainly composed of coarsegrained clastics such as conglomerates and breccias, as well as marly limestone successions from the Coniacian to the Palaeocene (Wessely 2006) . The Tirolic Glinzendorf Syncline, which can be traced over several OMV-and NAFTA wells including Gänserndorf Ü T3, T3, Markgrafneusiedl 1, N1, T1, Glinzendorf 1 and T1 (e.g. Wessely 2006), Gajary 125 (Mišík 1994; Ralbovsky & Ostrolucký 1996) and Záhorska Ves, is supposed to be an easterly equivalent of the Grünbach Syncline (e.g. Wessely 2006 ). Limnic to marginal-marine facies dominate the several hundred metre-thick sequence of the Glinzendorf Syncline, starting in the Santonian -Campanian with dark marls and mudstones and including also some conglomerates and coal layers (Sachsenhofer & Tomschey 1992; Wessely 1992 Wessely , 2006 . Terrigenous mudstones, marls and sandstones top the marine interval (Wessely 2006) . Similar to that, a lower and upper conglomeratic non-marine red interval and an intercalation of a marine grey sediment has been described from the Slovakian part (well Gajary 125) of the Glinzendorf Syncline (Mišík 1994) . The succession probably ends in the Maastrichtian (Wessely 1992; Pavlishina et al. 2004) , but a Palaeocene age of the topmost sediments cannot be excluded due to ambiguous and spurious microfossil data (Ralbovsky & Ostrolucký 1996) .
Gosau Group sediments of the Grünbach Syncline (Santonian to Palaeocene) are exposed at the southwestern margin of the Vienna Basin near Grünbach -Neue Welt within mainly Juvavic thrust units (Plöchinger 1961) , and continue NE-SWstriking underneath the Neogene of the basin. Above Upper Santonian basal conglomerates and breccias follows the shallow-marine Maiersdorf Formation with its sandy limestones (including corals, brachiopods and gastropods) and reef-forming rudist limestones (Hippurites), reflecting a major transgressive trend (Summesberger et al. 2002; Steuber 2004) . The Lower Campanian limnic to brackish/ shallow-marine Grünbach Formation is characterized by shales, marls and fine-grained sandstones with coal seams as well as some conglomeratic horizons similar to units at the base of the Glinzendorf Syncline (Summesberger et al. 2002; Wessely 2006) . Several marine to non-marine cycles have been recognized within this formation (Hofer et al. 2011) . The Piesting Formation (Late Campanian to Maastrichtian) represents deeper marine conditions with marls and sandstones with orbitoids (Hradecká et al. 1999) , followed by turbiditic sandstones and marls of the Palaeocene Zweiersdorf Formation (Summesberger et al. 2002) .
There is still debate about the correlation of the Slovakian Upper Cretaceous Brezová Group (Coniacian to Maastrichtian) and the Palaeogene Myjava Group (Palaeocene to Eocene) of the Brezová outcrop area (Wagreich & Marschalko 1995) and the Studienka Gosau Group striking ENE underneath the Slovakian part of the Vienna Basin (Fig.  1) . A connection to the Gießhübl Syncline is likely (Wagreich & Marschalko 1995) , but a correlation with the Prottes Gosau Group also seems possible (Wessely 1992) . Following continentally influenced transgressive clastics, a neritic shelf marl facies was deposited (Wagreich & Marschalko 1995) . Calcareous bathyal marls are similar to the Nierental Formation in the NCA. Further deepening of the basin caused the sedimentation of turbiditic sandstones and marls (Upper Campanian to Maastrichtian) and continues into the Myjava Group. Deposition underneath the CCD is suggested for these formations, analogous to the Gießhübl Formation (Wagreich & Marschalko 1995) .
A schematic palaeogeographical map of investigated Gosau basins and principal facies distributions of Santonian/Campanian age is given in Figure 2 .
Methods
Cores of fine-grained pelitic sediments (shales, siltstones or marly sediments) from the OMV core repository (wells Aderklaa 81, 84 and 92, Gänse-rndorf T3, Glinzendorf T1, Markgrafneusiedl T1, Studienka 83 and Závod 57 and 68) and samples from an artificial trench in Grünbach ( The carbon and oxygen isotope compositions of 0.1-0.3 mg of untreated bulk carbonate samples were determined using an online preparation device (Gasbench II) interfaced to a ThermoFinnigan isotope ratio mass spectrometer at the University of Innsbruck. The calibration was performed against V-PDB using an in-house marble standard previously calibrated against international reference standards. The long-term analytical uncertainties for d 13 C and d 18 O are 0.06‰ and 0.08‰, respectively (for details see Spötl & Vennemann 2003) .
In order to investigate the issue of detrital admixture, 18 samples from different localities (Aderklaa 81, 84, 92, Závod 68, Studienka 83 and the Maiersdorf trench) were analysed using powder X-ray diffraction (XRD), and the abundance of dolomite was quantified following Schultz (1964) . The presence of a significant dolomite content is regarded as indicative of reworked Triassic carbonate (mainly Hauptdolomit), even though the dolomite analysed by XRD cannot be definitely related to a particular Triassic dolomite unit. In addition, several selected thin sections from well Markgrafneusiedl T1 were investigated for cathodoluminescence (CL) using a cold cathode system (CITL 8200 MK3, attached to a Leitz light microscope).
Ten bulk rock carbonate samples were washed and dissolved in 5 N acetic acid and strontium was separated by ion-exchange chromatography. The 87 Sr/ 86 Sr ratios were analysed using a Triton thermal ionization mass spectrometer at the Geochronological Laboratory of the Department of Lithospheric Research, Centre for Earth Sciences, University of Vienna. Analytical errors were in the range of +0.000005. Calibration was performed against standard NBS 987.
Additional samples from non-marine to marginal marine sections (e.g. from the Glinzendorf Syncline and the Grünbach Formation of the Grünbach Syncline) were analysed for their content of calcareous nannofossils in order to identify marine intervals by an independent method. Standard smear slide techniques (e.g. Wagreich et al. 2012 ) and a light microscope were used for studying the nannofossils.
The statistical evaluation of the data (Student's t-test and discriminatory analysis) was carried out using IBM SPSS Statistics 19.0. The Student's t-test investigates the significance of the difference of the mean values between two groups (if equality of variances between the groups was not given, Welch's t-test was used). The discriminatory analysis is a multivariate statistical technique that studies differences between two or more groups of objects with respect to several variables simultaneously (Bühl 2008; see also Backhaus et al. 2006) .
Results
Nannofossils
Nannofossil presence data were used to infer marine intervals. Data are available for the Markgrafneusiedl T1 borehole, where nannofossils are missing from the lower part and start at a depth of 3933 m with a continuous record in the middle part of the borehole up to 3406 m (nannofossil standard zones CC16/17 of the zonation of Perch-Nielsen 1985, indicating a Santonian age). Above that, samples are again barren of nannofossils, indicating an upper non-marine (brackish to freshwater) interval (Fig. 4) . Samples from Glinzendorf T1 lack nannofossils except one sample at 3717 m, which contains a questionable mixed Cretaceous -Cenozoic nannofossil assemblage that may be attributed to drilling contamination. Above 3249 m, nannofossils are continuously present ( Fig. 5 ; again nannofossil zones CC16/17). Gänserndorf T3 again shows a lower part without nannofossils and, beginning at 3083 m depth, a poor but continuous presence of nannofossils indicating a marine upper part (Fig. 5) .
Nannofossil (and foraminiferal) data from Gießhübl Syncline boreholes Aderklaa 81, 84 and 92 and Slovakian boreholes Studienka 83, Závod 57 and 68 indicate a fully marine, deep-water environment (Fig. 5 ) due to the abundance of nannofossils (and planktonic foraminifera), based on unpublished internal OMV reports and a few test samples obtained from the Slovakian boreholes. Nannofossil data from the Grünbach Formation of the Grünbach Syncline (Hofer et al. 2011) indicate the presence of at least five marine intervals separated by non-marine (nannofossil-barren) intervals (Fig. 6 ). Nannofossil data from the base of the Grün-bach Formation indicate a late Santonian to early Campanian age (CC17). Sr ratios of samples from the Markgrafneusiedl T1 borehole well range from 0.70576 to 0.70981 (Fig. 4, Table 1) . Table 1 ).
Isotopes
Profiles of wells Aderklaa 81, 84 and 92 of the Gießhübl Syncline are characterized by high and uniform d 13 C values ranging from 23.5‰ to 2.2‰ with a mean of 0.6 + 1.5‰. Only samples Fig. 4 . Carbon, oxygen (in ‰ relative to V-PDB) and strontium isotope data and palaeoenvironmental interpretation of sediments in well section Markgrafneusiedl T1. Values from several close-by samples were combined to a single value. Sample numbers are explained in Table 1. at Aderklaa 84 (Upper Gießhübl Formation) show relatively low values (Fig. 4 
Results and interpretation of individual sections
Based on the presence or absence of nannofossils and geochemical data (Hofer et al. in press) we differentiated between marine (nannofossil-bearing) and non-marine samples (lacking nannofossils).
The following interpretation of isotope results is primarily based on this grouping (Table 1) and is discussed in the following section for individual Gosau Group basins.
Glinzendorf Syncline
The non-marine bottom and top sections of Markgrafneusiedl T1, with relatively lower d 13 C mean values of 22.5 + 1.9‰ and 23.3 + 0.7‰, respectively, are accompanied by a marine middle interval with significantly higher mean values of 20.8 + 1.1‰ (Figs 4 & 5) . The difference in d
13
C between marine and non-marine samples within this interval is highly significant ( Table 1. mean values of 24.6 + 1.4‰ and 25.7 + 1.1‰ are present at the limnic bottom and top. Relatively constant and typically marine mean values are characteristic for the middle marine section (Fig. 4) .
The Z-values of the Markgrafneusiedl T1 well section are significantly lower in non-marine samples (mean 119.0 + 3.7) relative to the mean of marine samples (123.1 + 2.3). Only one sample interpreted as non-marine (MT1-4106.50) exceeds the suggested limit for non-marine Z-values of 120 (Z ¼ 128.8; Fig. 8, Tables 1 & 2) .
The strontium isotope values are not significantly different in marine and non-marine samples of borehole Markgrafneusiedl T1 (Table 2) . Only one marine sample lies on the marine standard curve for the Santonian to Campanian, which straddles between 0.7074 and 0.7076 (Howarth & McArthur 1997; McArthur et al. 2001) . The mean ratio of marine samples is only slightly lower (and closer to the marine curve) with 0.7082 + 0.0007, compared to the non-marine mean isotope signal of 0.7089 + 0.0006. However, there is a general trend to ratios closer to the strontium isotope curve for the marine interval (Fig. 4, Table 2 ). in press) at c. 3550 m is not verified using stable isotope data. The differentiation between marine and non-marine samples within the interval of Glinzendorf T1 is significant (Fig. 5, Table 2 ).
Samples interpreted as marine based on the presence of nannofossils show slightly higher mean d
18
O values of 25.5 + 1.2‰ compared to the non-marine mean value of 26.1 + 0.9‰, but this separation is not statistically significant (Table 2) .
Z-values of the Glinzendorf T1 borehole differ significantly in marine and non-marine samples (Table 2) . Marine mean Z-values are higher (116.9 + 5.7) compared to non-marine mean values (110.9 + 3.9), but only two marine interpreted samples (GT1-3245, GT1-3249) show values higher than 120 (Fig. 8, Tables 1 & 2) . Table 1 . The Gänserndorf T3 profile is also represented by characteristically negative (i.e. limnic) d
13
C mean values in the lower part and a less negative (i.e. marine) mean value at the top of the section (Fig. 5) , as evidenced by a highly significant discrimination of the means of the two sample groups ( Results of the carbon, oxygen and strontium isotope analyses of samples from well sections Glinzendorf T1 (GT1), Markgrafneusiedl T1 (MT1) and Gänserndorf T3 (GFT3) from the Glinzendorf Syncline, Aderklaa 81 (AD 81), 84 (AD 84) and 92 (AD 92) from the Gießhübl Syncline, Studienka 83 (STU 83), Závod 57 (Z 57) and 68 (Z 68) from the Slovakian equivalents and from the artificial trench at Maiersdorf (Grünbach Syncline). n.a., not analysed. 24.7 + 0.1‰ (Table 2 ). This may be due to a stronger diagenetic overprint and/or a higher detrital input at Gänserndorf.
Marine mean Z-values are significantly higher (121.0 + 2.9) than non-marine mean values (115.5 + 0.4) at Gänserndorf T3 (Fig. 8, Table 2 ). Sr values are calculated for the marine and non-marine samples, respectively, for the different localities (Markgrafneusiedl T1, Glinzendorf T1, Gänserndorf T3, Aderklaa 81, 84, 92, Studienka 83, Závod 57, 68 and the Maiersdorf trench), for the different Gosau basins (Glinzendorf Syncline, Gießhübl Syncline, Studienka/Slovakian Gosau and Grünbach Syncline), as well as for the whole sample set. For localities that contain both marine and non-marine samples, the Student's t-test proves the significance (limit of significance ,0.05; significant values are given in bold) of the difference of the mean values (expressed by T-values). Table 1 .
C, O ISOTOPES TO DECIPHER ENVIRONMENTS
The carbon isotopic composition of the carbonate fraction of the whole Glinzendorf Syncline is highly distinctive and successfully separates marine from non-marine samples (Table 2) . Even though oxygen isotope ratios are not significantly discriminative, Z-values are significant, with nonmarine mean values of 114.9 + 5.1 and marine mean values of 120.9 + 4.3 (Table 2 ).
Grünbach Syncline: Maiersdorf trench
Supported by the geochemical parameters, nannofossil content and stable carbon isotopic composition reported here, five marine to non-marine cycles have been recognized in the trench profile of the Grünbach Formation at Maiersdorf (Hofer et al. 2011) . Samples of the non-marine intervals have lower d
13 C mean values of 26.3 + 2.5‰ when compared to the marine sample set with a mean of 24.5 + 2.6‰. Statistically, the significance is just below the level of significance of a ¼ 5% (or 0.05; Fig. 6 , Table 2 ). However, strong fluctuations exist in the marine intervals (Fig. 6) , probably reflecting the presence of some reworked carbonate or stronger diagenetic influence.
Marine samples of the trench profile have higher d
18
O mean values of 26.9 + 1.2‰, in contrast to the lower mean values of 27.5 + 1.2‰ for nonmarine samples, but the difference is not significant (Fig. 6, Table 2 ).
Generally, Z-values are relatively low within the Grünbach Formation, with marine mean values of only 114.6 + 6.0 compared to a non-marine mean of 110.6 + 5.8. The significance is below the level of significance (Fig. 6, Table 2 ). (Fig. 5) . The d
Gießhübl Syncline
18
O mean value of the Aderklaa 81 interval is 23.7 + 1.1‰ (Table 2) .
Only at Aderklaa 84 is the Upper Gießhübl Formation represented by relatively low d Table 2 ).
Slovakian (Studienka) Gosau d
13 C values of the marine Gosau formations of Slovakian boreholes Studienka 83, Závod 57 and 68 are all uniform and high (0.2-1.5‰) with a mean of 0.9 + 0.6‰ (Fig. 5, Tables 1 & 2) . Oxygen isotope values are also suggestive of marine conditions (Tables 1 & 2) . Z-values are above 120 with a mean of 127.3 + 1.6 (Fig. 8, Tables 1 & 2) .
Discussion
Significance of stable isotopes for marine v. non-marine discrimination
18 O separates, in principle, marine samples of the Gießhübl Syncline and Slovakian wells from non-to marginalmarine samples of the Grünbach and Glinzendorf Syncline, and thus allows a distinction of major Gosau Group basin fills. A strongly positive Pearson correlation index of r ¼ 0.75 illustrates the correlation between stable carbon and oxygen isotopic composition, thus indicating a similar facies control for both isotope systems. The Student's t-test suggests a significant discrimination of mean carbon and oxygen isotope ratios and Z-values of marine and non-marine samples for the whole data set (N ¼ 116). The mean non-marine carbon isotope value (25.3 + 2.4‰) is significantly lower than the mean marine value of 21.4 + 2.8‰. A significance of a ¼ 0.000 (T ¼ 27.04) indicates an effective distinction between marine and non-marine samples (Table 2.) .
A statistically significant differentiation (a ¼ 0.003; T ¼ 23.00) is also present in the oxygen isotope values of marine v. non-marine samples, even though the difference between the mean marine (25.2 + 1.6‰) and mean non-marine values (26.1 + 1.5‰) is relatively small (Table 2) .
Marine samples have higher mean Z-values (121.8 + 6.5) relative to mean values of non-marine samples (113.5 + 5.6) with a significance of a ¼ 0.000 (T ¼ 26.72). Of all non-marine samples, 94.6% (N ¼ 35 of 37) have Z-values below 120, while only 67.1% (N ¼ 53 out of 79) of all marine samples exceed the limit of 120, which is mainly due to the relatively low values at the Grünbach Syncline (Tables 1 & 2) .
A discrimination based on d
13
C and d
18
O values of marine and non-marine samples (of the whole data set) is also highly significant (a ¼ 0.000; Wilks-lambda ¼ 0.649). The histogram of the discriminatory function clearly separates marine from non-marine samples (Fig. 9) .
Influence of diagenesis
The influence of diagenesis on the stable isotope compositions is difficult to assess using bulk rock samples and considering the fine-grained shaly to marly material used in this study. Most of the samples have low carbonate contents of c. 30 wt%. Only 20% of the samples had more than 50 wt% CaCO 3 . Selected samples of these pelitic rocks from well Markgrafneusiedl T1 where studied by CL. The bulk of the fine-grained carbonate was non-luminescent; only a small fraction of the carbonate in siltstones showed CL. This suggests that the diagenetic overprint of the carbonate is low, which is consistent with the pelitic nature of the sampled material, which greatly limits water -rock interaction.
Correlation indices of d 
Influence of carbonate reworking
An issue especially for bulk carbonate analysis of clastic sediments is the possible presence of reworked older carbonate material, the quantification of which is difficult. Thin-section petrography and CL studies indicate the presence of detrital carbonate grains, mainly limestones, with amounts below 10%. To further assess the influence of this detrital carbonate material, 18 samples (M-6, M-16, M-17, M-31, M-42, M-50, M-65, M-72, M-79, M-85, M-92, AD81/8-3193.4, AD84/2-2833 .5, AD92/4-2922 were analysed quantitatively for the presence of (detrital) dolomite. Only six samples contained some dolomite and only three of them contained more than 5% 6.1%; 8.3%; 29.9%) . A significant influence of detrital carbonate on the bulk stable isotope composition is therefore regarded as unlikely.
Based on the composition of intercalated coarser-grained clastic sediments like conglomerates and sandstones (e.g. Wagreich et al. 2011) , reworking of older (Mesozoic) carbonates is largely limited to Triassic to Jurassic marine carbonates of the NCA, which have d
13 C values generally between 22‰ and 4‰ (e.g. Gawlick & Böhm 2000; Korte et al. 2005; Reinhold & Kaufmann 2010 ). An inferred low influence of detrital carbonates on the stable isotope composition thus cannot explain unusually negative isotope values of marine sections such as in the Grünbach Formation.
Strontium isotopes
Strontium isotope values were measured only from core samples of well Markgrafneusiedl T1. Owing to the small number of samples, the correlation indices between d Sr are not significant (Fig. 7) . The vertical trend of strontium isotopes, however, is clear, from relatively low values in the marine samples to higher values in the transitional to non-marine parts of the section. This trend can be interpreted either as reflecting admixtures of clay minerals and metamorphic minerals (e.g. mica) from the Austroalpine basement and/or detrital Triassic carbonates (strontium isotope values c. 0.7076-0.7082 according to Korte et al. 2003 ), but does not allow marine and non-marine environments to be distinguished. As some values are higher than Triassic (and Jurassic) marine values, detritus cannot be the ultimate reason for this shift as already observed in the marine samples; instead we attribute this deviation to the high input of clay minerals from eroded basement units.
Unusually negative isotope values of marine sediments in the Grünbach section
Although a statistically significant separation of non-marine and marine environments using carbon isotopes is possible for most of the studied samples, some of the marine samples of the Grün-bach section are isotopically rather negative (up to 29‰ d 13 C). The very high correlation of carbon and oxygen isotopes (Fig. 7) in this short section suggests a strong influence of diagenesis (probably with precipitation of new carbonate phases). This is consistent with the fact that the Grünbach Syncline experienced the highest thermal overprint of the study area (vitrinite reflectance values above 0.5% Rr, Hofer et al. 2011) .
Conclusions
Using stable carbon and oxygen isotope data of bulk carbonate, we can distinguish marine and nonmarine fine-clastic shaly sediments from boreholes of the Glinzendorf and Gießhübl synclines and equivalents from Slovakia, as well as sediments of the Grünbach Syncline. Mean carbon and oxygen isotope values of samples containing marine nannofossils as well as other evidence for marine deposition are distinctively higher (21.4‰ and 25.2‰, respectively) than in samples lacking marine indications (25.3‰ and 26.1‰, respectively). Mean Z-values are higher in marine samples (mean .120) and lower in non-marine samples. This differentiation of marine and non-marine mean values is confirmed statistically by Student's t-test and discriminatory analysis. Looking at individual sections and locations, however, the discrimination between marine and non-marine depositional environments is not always statistically significant.
87
Sr/ 86 Sr ratios of marine samples of the Markgrafneusiedl T1 borehole are closer to the marine isotope curve for the Santonian and Campanian compared to limnic samples, but, possibly because of the limited number of samples, marine and nonmarine samples could not be distinguished by this method.
